The Torres del Paine National Park is located in the southern Chilean Patagonia. This park has numerous and heterogeneous lakes and ponds with different trophic status and zooplankton composition. The aim of this study was to analyze the influence of trophic status and conductivity on zooplankton assemblages in lakes and ponds within the Torres del Paine National Park. The water bodies described in the present study were previously classified in three groups. The first group consisted of large, deep and oligotrophic lakes with fish populations, low zooplankton species diversity and high predominance of calanoid copepods of small body size. The second group contained small mesotrophic lakes with fish populations and relatively high predominance of small sized daphnids. The third group consisted of fishless ponds of different trophic status, wide conductivity gradient and with zooplankton species of relatively large body size. The results show that Daphnids abundance was directly related to chlorophyll-a concentration and inversely associated with conductivity. Calanoids abundance was also directly associated with conductivity.
Introduction
The lakes in the southern part of South America have been described as oligotrophic (Soto, 2002; Modenutti et al., 1998a, b) . There are numerous natural freshwater bodies south to 46
• S, however, their characteristics are almost unknown due to difficulties of access. Some of these sites are located in the Torres del Paine National Park, Chilean Patagonia (Soto et al., 1994) . This park contains a large set of lakes and ponds of different size, age and trophic status. These lakes have the advantage of low human impact (Soto et al., 1994) . In contrast to North American water bodies, the zooplankton of Southern South American lakes has been characterized by low daphnid abundance (Gillooly & Dodson, 2000) and low number of species (Soto & Zuniga, 1991) . The low daphnid abundance can be explained, in particular, by oligotrophy of the water bodies (Soto & Zuniga, 1991) . Within the Torres del Paine National Park, there are large lakes with fishes, especially salmonids and galaxids (Galaxias spp.), small lakes with populations of galaxids as well as small ponds without fishes (Soto et al., 1994) . Salmonids are mainly benthivorous and predate on macroinvertebrates, whereas galaxids predate on microinvertebrates and zooplankton (Soto & Campos, 1995; Soto & Zuniga, 1991) . Conductivity was found to be low (< 500 µS cm −1 ) in large lakes, and high (> 4000 µS cm −1 ) in some ponds without fishes (Soto et al., 1994) . In the present study, we investigated the effects of trophic status and conductivity on zooplankton assemblage in water bodies of the Torres del Paine National Park.
Material and methods
The Torres del Paine National Park is located in S Chile (50
• 55 S, 73
• 05 W). The park covers approximately 242,240 ha and was declared a Biosphere Reserve by the United Nations. Within the park, there is a large diversity of landscapes, glaciers, valleys, snowcaps, lakes and ponds (SOTO et al., 1994) . The climate within the park is subpolar, cold and dry, with less than 700 mm of precipitation a year. In October and November, the park is exposed to strong winds of approximately 100 km h −1 (SOTO et al., 1994) .
The data on trophic status, depth, area and conductivity in the lakes were obtained from SOTO et al. (1994 Note: * Data obtained from SOTO et al. (1994) . The other data were obtained during the present study.
January, May and October 1989, and January 1990, because these periods had optimal weather for field work (SOTO et al., 1994) . Zooplankton in deep lakes was collected by vertical hauls of 50 m with an Apstein net of 80 µm of mesh size. In small lakes and shallow ponds, zooplankton was collected by filtration to 80 µm of known volume (60-80 L). This method was used for small lakes and ponds, because in these water bodies there is a permanent mixing of the water column due to strong winds (SOTO, 2002) . Zooplankton specimens were identified according to ARAYA & ZUNIGA (1985) and BAYLY (1992) . Finally, the data used were analyzed by correlation analyses prior to a principal component analysis (PCA) using the Xlstat software (www.addinsoft.com).
Results
We classified the studied lakes in three main groups. The first group comprised large, deep and oligotrophic lakes with fish populations (Del Toro, Sarmiento, Pehoe and Nordenskjold lakes), characterized by low to moderate conductivity, low zooplankton biomass, and high abundance of calanoids (Tab. 1). The second group contained small lakes with fishes (Melliza Este, Melliza Oeste lakes), characterized by mesotrophy, moderate conductivity and zooplankton biomass, and relatively high daphnid abundance (Tab. 1). The third group consisted of small and shallow ponds without fishes, with moderate to high conductivity, meso-to eutrophic, high zooplankton biomass; in many of these water bodies calanoid copepods dominated (Tab. 1). Zooplankton assemblages differed in the studied groups of water bodies. In large lakes, zooplankton was characterized by the presence of relative small sized copepods, such as Boeckella gracilipes and Tropocyclops prasinus (Tab. 2). Small lakes with fishes were characterized by moderate zooplankton abundance and biomass. The species found there were Boeckella gracilipes, B. michaelseni and Ceriodaphnia dubia; they were characteristic of a relatively small body size (Tab. 2). Finally, in fishless ponds the zooplankton was characterized by the presence of species with large body size, such as Boeckella popei, Daphnia dadayana and Parabroteas sarsi (Tab. 2).
In the lakes studied, direct relationships were established between (1) surface and maximum depth, (2) conductivity and chlorophyll-a and nutrients concentrations. Nitrogen concentration was directly related to chlorophyll-a and soluble reactive phosphorus concentrations and conductivity (Tab. 3). Total zooplankton abundance, biomass and calanoid abundance were directly related to conductivity, chlorophyll-a, soluble reactive phosphorus and nitrogen concentrations (Tab. 4). Other important direct relationships observed were between (1) percentage of daphnid abundance and nitrogen concentration, (2) zooplankton biomass and total zooplankton abundance, (3) daphnid abundance and percentage of daphnid abundance, (4) calanoid abundance and total zooplankton abundance and zooplankton biomass, (5) cyclopoid abundance and species diversity and cladoceran abundance, (6) number of species and percentage of daphnid abundance. Only one negative relationship was found, i.e., between number of species and maximum depth of the lakes (Tab. 3).
Evaluation of the variables revealed that conductivity, chlorophyll-a and nitrate concentrations, total zooplankton abundance, zooplankton biomass and calanoids abundance were important for the first axis, whereas the most important variable for the second axis were depth, number of species, percentage of daphnid abundance, daphnid and cyclopoid abundances (Tab. 3, Fig. 1 ). PCA analysis revealed the existence of two main groups of lakes: the first group comprised deep oligotrophic lakes with fishes, low zooplankton biomass and high calanoids abundance in their zooplankton assemblages (Tab. 1, Fig. 1 ). The second group comprised (Daday, 1902) 1.5-2.0 5-10 D. dadayana (Paggi, 1999) 3.0-5.0 12 Ceriodaphnia dubia (Richard, 1894) 0.8-1.0 5-10 Bosminidae Bosmina (Neobosmina) chilensis (Daday, 1902) 0.6-0. Key. Sites: 1 -Del Toro; 2 -Sarmiento; 3 -Norsdenkjold; 4 -Pehoe; 5 -Melliza Este; 5 -Melliza Oeste; 6 -Juncos; 7 -Jovito; 8 -Redonda; 9 -Larga; 10 -Cisnes. * Presence reported at all studied sites; ** Presence reported in small lakes and shallow ponds (sites 5 to 12). Table 3 . Data of correlation coefficients of the parameters studied in the present paper. The data in bold represent significant correlations (P < 0.05).
Area Depth Conductivity Chl-a SRP N-NO 3 NS % DA TI ZB DPA CLA CAA CYA Area 1 0.800 −0. Key: NS -number of species; % DA -percentage of daphnids abundance; TI -total abundance; ZB -zooplankton biomass; DPAdaphnids abundance; CLA -small cladocerans abundance; CAA -calanoids abundance; CYA -cyclopoids abundance.
small lakes with fishes and most of the fishless ponds. All these lakes had moderate conductivity and were mesotrophic, but their zooplankton assemblages were variable, either with a high percentage of daphnid abundance (Paso, Juncos, Melliza Este and Melliza Oeste), or with a relatively low percentage of daphnid abundance (Redonda, Larga and Jovito) (Tab. 1, Fig. 1) . Finally, the Cisnes pond was a unique site, characterized by a high conductivity, high chlorophyll-a and nutrients concentrations, and high calanoid abundance, zooplankton biomass and total numbers of zooplankton individuals (Tabs 1, 2, Fig. 1 ).
Discussion
The studied water bodies in the Torres del Paine National Park are heterogeneous in their trophic status, morphometrics and zooplankton assemblages (Fig. 1) . The deep lakes are similar to Araucanian lakes, because the large lakes of Torres del Paine are oligotrophic with relatively low zooplankton biomass, low number of species and notorious calanoid dominance (Tab. 1, Fig. 1 ) (Campos, 1984; Soto & Zuniga, 1991; Campos et al., 1994a, b; Wölfl, 1996; Daday, 1902b) . In spite of the relatively high nutrient concentration, the large and deep lakes have a large mixing depth of approximately 75 m (Campos et al., 1994a, b; Soto, 2002) which causes a low chlorophyll-a concentration (Soto, 2002; De los Rios, 2003) . Low chlorophyll-a concentrations can be regarded as a cause of high abundance of calanoids, as these taxa are tolerant to oligotrophic conditions (Sterner & Hessen, 1994, Tab. 1) . This scenario is similar to that observed in large and deep lakes of S Argentinean Patagonia, where calanoids graze mainly on ciliates, diatoms and phytoflagellates (Modenutti et al., 1998a, b; Balseiro et al., 2001) . Oligotrophy could also explain the low species diversity in the studied lakes (Soto & Zuniga, 1991; Tab. 1) . These lakes are full of zooplanktivorous fishes, such as Galaxias spp., and introduced salmonids (Soto et al., 1994) . However, relatively few studies have suggested that calanoids are important prey for fish of the Galaxias genus that live in the littoral zones (Modenutti et al., 1998a, b) . There is no information about wild diets of the salmonids in Chilean water bodies. Nevertheless, salmonids probably predate mainly on benthic macroinvertebrates in these water bodies (Soto & Campos, 1995) . Small lakes with fishes are mesotrophic and are characteristic of high daphnid abundance (Tab. 1; Fig. 1 ) due to a low mixing depth (Soto, 2002; De los Rios, 2003) that leads to high chlorophyll-a concentration (Soto, 2002; De los Rios, 2003) . Consequently, in conditions of increasing chlorophyll concentration, cladocerans would increase their abundance (Villalobos, 2002) and, in comparison with oligotrophic sites, relatively more species would be possible (Soto & Zuniga, 1991; De los Rios, 2003 et al., 1998a, b) , the conductivity variation can be an important regulator of the structure of zooplankton assemblages, especially species diversity and number of species (Williams, 1998) . In some of the water bodies, such as the ponds Paso and Juncos, high species diversity and high daphnid abundances were observed (Tab. 1). These were associated with high chlorophyll concentration and low or moderate conductivity (Tabs 1, 2, Fig. 1 ) and with similar results to the first studies of lakes of this type in S Patagonia (Ekman, 1900; Daday, 1902a, b ). An opposite situation was observed in the other sites without fishes with moderate to high conductivity values, that had high calanoid dominance (Tabs 1, 2, Fig. 1) . The results obtained demonstrate an important impact of chlorophyll-a concentration on daphnid abundance ( Fig. 1) as found by De los Rios & Soto (2005) and Sterner & Hessen (1994) . Conductivity also had a key role (Fig. 1) , as indicated by the high mineral concentrations, and might be inversely associated with daphnid representation and number of species (De los Rios, 2005b; De los Rios & Crespo, 2004 ; Fig. 1 ). Our results also agree with early data of Ekman (1900) and Daday (1902a) , and recent descriptions from S Argentina (Adamowicz et al., 2004) who reported the presence of permanent high daphnid abundances in S Patagonia shallow ponds. The pattern, where conductivity and high mineral contents are key regulators of zooplankton assemblages (Fig. 1) , is similar to water bodies of Andes Mts of N Chile (Campos et al., 1996; De los Rios & Crespo, 2004; De los Rios, 2005b) .
